The proteolytic activity of Pseudomonas fluorescens 07A was investigated, and was optimal on tryptone-calcium medium. N-acyl-homoserine lactones (AHLs) were not detected on supernatants of late-exponential and stationary-phase culture broths. Synthetic AHLs or bacterial cell extracts added to the medium did not influence growth or proteolytic activity suggesting that quorum sensing might not regulate protease production in this strain.
containing CaCl 2 at 1 mmol l -1 (9) ; or in skin milk 12%. A.
tumefaciens bioassay strain KYC55 (pJZ410) (pJZ372) (pJZ384) was cultivated in A. tumefaciens (AT) medium supplemented with appropriate antibiotics (27) . Bacterial growth was monitored by the drop plate method (16) .
Proteolytic activity was measured by a colorimetric assay (wavelength of 366 nm) using azocasein as substrate, according to Rajmohan et al. (18) . One unit of proteolytic activity was defined as the amount of enzyme that produced an increase of 0.01 absorbance units at 366 nm per hour of incubation. Specific proteolytic activity was defined as the unit of enzyme activity multiplied by the factor 10 10 divided by the number of cells.
AHL was extracted from supernatants obtained from P.
fluorescens 07A cultivated on the above media with ethyl acetate (20) . Extracts were added to AT medium containing the AHL monitor strain A. tumefaciens KYC55 and tested forgalactosidase activity (15) . To further characterize the potential signals produced by strain 07A, bacterial extracts obtained by ethyl acetate treatment as described above were spotted in volumes of 20 µl onto C18 reversed-phase Thin Layer Chromatography (TLC) plates (Partisil LKC18, Whatman cat#4800800). N-3-oxo-octanoyl-HSL (OOHL) was used as a positive control. The chromatogram was developed and revealed as described by Shaw and collaborators (20) . Extracts obtained from bacteria grown on MSM were also analysed for AHL or diketopiperazine using gas chromatography/mass spectrophotometer (Hewlett-Packard 5890 GC/MS).
Furthermore, synthetic AHL and bacterial extracts were added to the growth medium (TYEP + CaCl 2 ) in order to test their effect on P. fluorescens 07A growth and proteolytic activity. The synthetic AHLs added to the growth medium were alpha-amino butyryl lactone (ABL) or hexanoylhomoserine lactone (HHL) in the concentration and conditions described by Whan and collaborators (25) .
Finally, volumes of 250 µl of bacterial extracts obtained by ethyl acetate treatment were prepared and added to 2.5 ml of TYEP + CaCl 2 inoculated with washed cells of strain 07A in populations ranging from 10 7 to 10 9 CFU ml -1 . Samples were collected at different times for cell number and proteolytic activity determination. As a control, an extract prepared from an equal volume of sterilized medium was added to the culture.
Experiments were independently repeated three times.
The highest proteolytic activity levels, as determined by a colorimetric assay (18) were detected on TYEP medium supplemented with calcium (Table 1) . When cultures reached early stationary phase of growth (24 h to 34 h incubation in all rich media, and 60 h in MSM), the specific proteolytic activity of cells grown on TYEP + CaCl 2 was twofold higher than those grown on other media (Table 1 ). An interesting finding is that protease production was detected on MMS at lower celldensities. This study confirms that protease activity is dependent on the growth media and is optimal in media containing calcium, which is in agreement with previous works (9, 11, 18) . Based on these results, TYEP + CaCl 2 and MSM, which would present minimal interference on extraction assays for AHL detection, were chosen for subsequent experiments.
The extracts from both media (TYEP + CaCl 2 and MSM) activated the bioassay strain, but cell number and activation values (Miller Units) were higher in complex media (results not shown). This result, although preliminary, indicates that the growth media influenced the production of the potential signal molecules by P. fluorescens 07A.
However, TLC analysis revealed that extracts prepared from un-inoculated TYEP + CaCl 2 medium produced spots similar to those from 07A strain grown on this medium indicating that quorum sensing unrelated compounds activate the biosensor strain (Fig. 1A) . On the other hand, extracts prepared from un-inoculated MMS did not activate the biosensor. Furthermore, no AHL or diketopiperazine molecules were detected by Gas Chromatography/Mass Spectroscopy (GC/MS) analyses of the bacterial extracts.
Taken together these results indicate that P. fluorescens 07A We then tested whether synthetic AHLs (ABL and HHL)
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had any effect on P. fluorescens 07A growth and proteolytic activity. The addition of these signal molecules to the growth medium did not affect the growth rate, cell number or proteolytic activity of P. fluorescens 07A ( Figure 1B ).
However, activity of extracellular proteases was only detected when cell concentration was higher than 10 8 CFU ml -1 . This indicates that protease activity could be related to cell density, but it does not correlate with AHL presence.
Finally, bacterial extracts obtained by ethyl acetate treatment were prepared and added to TYEP + CaCl 2 inoculated with 07A strain. The rationale for this assay is that if P. fluorescens 07A produces extracellular signals able to stimulate protease production, extracts prepared from stationary phase cultures would induce an increment in the proteolytic activity when supplemented to the medium.
However, no increase in the level of proteolytic activity of the cell was observed when compared to the control for every population tested (Fig. 1C) . This indicates that compounds 
95
Proteolytic activity of P. fluorescens
The relationship between QS and food spoilage depends on the strain under study and highlights the complexity of food environments. In Serratia proteamaculans B5A, the synthesis of proteases and lipases related to milk spoilage was shown to be regulated by cell density (3). However, the proteolytic activity and production of signal molecules in Aeromonas hydrophila aroA, for example, were affected by media composition and aeration, and AHL concentration did not correlate with protease production (24) . Furthermore, wild type cultures of Hafnia alvei spoiled meat at the same rate as an AHL-deficient mutant (2).
In conclusion, P. fluorescens 07A did not appear to produce AHL molecules, emphasizing that AHL detection solely by bioassay strains might lead to false positive results.
